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Abstract

This paper presents an empirical verification of the measurement of baseline characteristics for fostering regional
resilience. A set of indicators was selected from previous studies of disaster resilience, and an environmental
element was added. The aims of the study were (1) to select a set of indicators that could be used for measuring
disaster resilience, based on a review of the research literature, (2) to evaluate these indicators using the
statistical approach of standardization, and to visualize the results using Geographic Information System (GIS)
technology, and (3) to identify the key resilience characteristics using principal component analysis (PCA). The
study focused on 29 municipalities in Osaka Prefecture, Japan. From the literature review, a total of 17 disaster
resilience indicators were selected, covering economic, social, and community connection factors. The novel
environmental attributes were selected from the literature on environmental sustainability. The standardized
measures demonstrated that municipalities with a high level of resilience were also ranked highly on both the
“social” and “community connection” attributes. The GIS mapping resulted a prominent urban-suburban divide,
with urban areas having a lower level of resilience than suburban areas. The PCA demonstrated significant
variation across the 29 municipalities, characterized by the factors “living standard” and “regional involvement.”
An understanding of these baseline characteristics would allow governments to monitor chronological changes in
the resilience of specific regions. This information can be used to support the establishment of an evaluation
platform, and can contribute to a more systematic management of resilience.
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1. Introduction

There is enormous national interest in disaster resilience as an approach to the mitigation of external stresses
placed on a community (Cutter, Burton, & Emrich, 2010). A recent disaster, the Great Eastern Japan earthquake
of March 2011, increased the motivation to reconsider risk management (Ministry of the Environment,
Government of Japan, 2016). This disaster caused damage that exceeded national expectations, and accentuated
the need for an improved understanding of system resilience. To support the creation of a stronger and more
flexible country, Japan enacted the 2013 “Basic Act for National Resilience Contributing to Preventing and
Mitigating Disasters for Developing Resilience in the Lives of the Citizenry (BANR).” This placed the
responsibility for measuring national resilience in a comprehensive and systematic manner on the national
government (BANR, 2013). Even before the BANR, many studies had attempted to measure resilience. For
example, United Nations International Strategy for Disaster Reduction (2007) provided guidelines on measuring
the reduction in disaster risks and the implementation of the Hyogo framework for community-based
organizations and local and national authorities. Similarly, Renschler et al. (2010) introduced the PEOPLES
resilience framework for defining and measuring resilience at the community level, and Miles and Chang (2011)
developed ResiUS as a community-based disaster resilience model, mainly for use following earthquakes.
However, resilience is still at a conceptual stage, particularly in understanding ways of addressing external
stresses, and there is a need to move from a purely theoretical understanding to actual applications in real-world
settings.

In general, there are two major approaches to resilience assessment: qualitative and quantitative (Hosseini,
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Barker, & Ramirez-Marquez, 2016). Hosseini et al. (2016) classified measurements of the resilience of systems
that did not use numerical descriptors as qualitative assessments, and quantitative approaches as those that
attempt to quantify resilience across different applications and modeling techniques. One of the quantitative
methods entails the identification of core indicators of resilience. Cutter et al. (2010) argued that, while such
indicators are widespread across the literature, no specific set of indicators has yet been established for the
quantification of disaster resilience. There is a consensus that resilience is multifaceted (Cutter et al., 2010;
Gunderson, 2009; National Research Council [NRC], 2010; Norris et al., 2008). However, until now, ecological
elements have been excluded, due to the inconsistency of the data and doubts about their relevance (Cutter et al.,
2010). The present study was designed to contribute to the quantitative approach by inclusion of an
environmental dimension, and by exploring empirical applications of this more holistic set of indicators to a
real-world context. A set of indicators was used to measure the conditions that affect current disaster resilience
within a region, in order to establish a baseline for the characteristics that foster regional resilience. Cutter (2016)
discussed a range of domain areas in disaster resilience, each of which involves different scientific variables. The
present study undertook a critical examination of existing approaches to quantifying the economic, social,
community connection, and environmental attributes. Since there is no single solution for resilience
measurement involving the properties of environments (e.g., natural resources, ecosystems), this study adopted
the central concept of “ecological resilience” for the selection of indicators of environmental attributes. We
applied our methodology to Osaka Prefecture, Japan, as a proof of concept. Composite indicators are
increasingly recognized as useful tools in policy-making and public communication (Cutter et al., 2010). The
findings of this study can therefore contribute to a more organized process of data collection, and help to
establish an evaluation platform to allow a more systematized management of resilience.

The specific objectives of this study were (1) to select a set of indicators that could be used for measuring
disaster resilience, based on a review of the research literature, (2) to evaluate these indicators using the
statistical approach of standardization, and to visualize the results using Geographic Information System (GIS)
technology, and (3) to identify the key resilience characteristics using principal component analysis (PCA). The
study was customized for the metropolitan areas in Osaka Prefecture; 29 municipalities were selected based on
the availability of data.

2. Materials and Methods
2.1 Literature Review

The Web of Science database was used to identify existing provincial indicators, since it is recognized as the
most comprehensive multidisciplinary search domain for use by academic researchers. Journal papers were
filtered by keywords, such as disaster resilience and indicators. Both the abstracts and the full texts of the
selected papers were reviewed to rank indicators. The selected indicators were then classified using a globally
recognized standard. For the classification, we applied a measurement framework based on a review of
documents from international authorities, including UNDP, UNISDR, and UNEP.

2.2 Standardized Scoring and Visualization

The selection of indicators was followed by the calculation of a standardized score and visualization of the
results using GIS technology. Input data was collected for each of the 29 municipalities, and supplemented by
data from the Population Census of Japan, e-Stat of the Statistics Bureau, and the Osaka Statistical Yearbook.
Since the indicators are presented in a variety of units, such as percentages or monetary values (the Japanese
Yen), they had to be normalized before being summed and aggregated to produce the composite indicators. This
study applied the z score method to normalize the indicators, as this is one of the most widely used methods
(Yoon & Kang, 2013). The z score was calculated as follows, where x; represents the raw value, y the mean
value, and o the standard deviation.

Z score = % @))]
The indicators of each attribute A; were then given an average score using the following equation, where N is
the number of indicators for each attribute.

2

These data sets were transferred to the GIS technology to obtain a comparative overview and to visualize the
spatial distribution. The average scores were restructured to allow GIS formatting and input to ArcMap 10.2.2.
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2.3 Identification of Resilience Characteristics

The z scores were analyzed using PCA, as this is an effective tool for identifying key characteristics and
highlighting similarities and differences in a dataset. Statistical analysis was conducted using SPSS, Version 22
(IBM).

3. Results and Discussion
3.1 Selection of Indicators

The literature review was conducted to search for studies that provide a broad review of assessment approaches
to holistic community resilience, and which specialized in examining a set of dimensions and indicators. The
seven articles were identified, published between 2010 and 2016. These were from the field of water resources,
the environmental sciences of ecology, and the atmospheric sciences. From these articles, studies that had
developed indicators for the measurement of disaster resilience specific to regional communities were selected.
This produced a total of six studies: Baseline Resilience Indicators for Communities (Cutter, Burton, & Emrich,
2010), Community Disaster Resilience Index (Peacock et al., 2010), Community Resilience Index (Sherrieb,
Norris, & Galea, 2010), FAO Livelihoods (Alinovi, Errico, Mane, & Romano, 2010), Oxfam GB (Hughes &
Bushell, 2013), and Resilience Capacity Index (Pendall, Foster, & Cowell, 2010).

Based on a review of documentation from international authorities, the United Nations Development Programme
(2014) derived disaster resilience measurements and classified the maturity of the measurements into six phases
(Table 1), ranging from conceptual frameworks that had yet to define indicators (phase 1), to models which had
developed institutionalized disaster resilience measurements and were regularly collecting data (phase 6) (UNDP,
2014). The present study used the most mature measurements. The Resilience Capacity Index (RCI) was
categorized as being at phase 5, since the data collection underpinning the indicators was systematized and the
data was collected frequently. Among the measurement systems identified, we ranked RCI as one of the most
mature. Additionally, as RCI covered 361 U.S. metropolitan areas, the dataset is suitable for use in comparative
studies. RCI covered regional economic capacity, socio-demographic capacity, and community connectivity
capacity. Each attribute used four indicators for assessment (Table 2). One indicator, health-insured, was
excluded as Japan has universal health insurance.

Table 1. The development of measurement frameworks for disaster resilience (UNDP, 2014)

Least Phase 1 A theoretical framework for measuring resilience exists, but no indicators are yet defined.

A theoretical framework for measuring resilience exists, and at least some potential

Phase 2 L
ase indicators are suggested.

A clear indicator framework based on a theoretical framework has been defined, but data

Phase 3 is not collected systematically.

Phase 4 As above, but some data, or data from a limited geographical area, has been collected.
Phase 5 As above, but the data collection is institutionalized and data is collected regularly.
Phase 6 The measurement method has been empirical verified.

Most

The same studies included a set of sustainability indicators, which have also been used to produce an aggregate
measurement of disaster resilience. Six measurements were found, such as Human Development Index (UNDP,
1990; 2005), Environmental Sustainability Index (Esty, Levy, Srebotnjak, & Sherbinin, 2005), Environmental
Vulnerability Index (Kaly, Pratt, & Mitchell, 2004), Human Vulnerability of Coastal Communities (Heinz Center,
2008), Ecological Indicators for the Nation (NRC, 2000), and Environmental Indicators (Organization for
Economic Co-operation and Development [OECD], 2001). These measurements were used for assessing quality
of life and sustainable development, which evaluate the vulnerability of the natural environment and
environmental sustainability. To select the candidate indicators for the “environmental attributes” in the current
study, we reviewed all of these measurements, and identified those which we considered most closely related to
the concept of ecological resilience.

To understand ecological resilience, this study adopted the concept of Holling, who originally defined the term.
Holling (1996) described the central concept of ecological resilience as the capacity to maintain the existence of
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a function. While ecosystems do not have a single state of equilibrium, function, and movement between states
maintains both structure and diversity, which is desirable. For this reason, ecological resilience focuses on
persistence and robustness against disturbance. It is measured by the magnitude of disturbance that can be
absorbed before the system shifts its structure (Gunderson, Holling, Pritchard, & Peterson, 2002). Based on this
understanding, leading indicators to measure the magnitude of human disturbances of the environment were
selected as possible candidates. Six indicators from the Environmental Sustainability Index (ESI) were used to
assess anthropogenic stresses from air pollution, ecosystem stress, population pressure, waste and consumption,
water stress, and natural resource management. Each indicator comprised several variables. Significant variables
were selected for each indicator, taking account of data availability. Table 2 shows the final set of indicators used
in the study. Variables were measured to confirm that a high value was associated with a greater resilience.

Table 2. The final set of designated indicators

Attribute

Indicator

Variable

Economic (EA)

Income Equality

Inverse of Gini coefficient (0: perfect equality).

Economic Inverse of sum of differences of the metropolitan economy from
diversification the national economy by the proportion of jobs in goods,
services, and the government sector (1- sum of differences).
Regional A measurement of economic security based on the percentage of
affordability a metropolitan area’s households that spend less than 35 percent
of their income on housing.
Business A disproportionately high level of small and large businesses and
Environment high levels of business churn (starts and stops).
Socio-demographic Educational The percentage of the population aged 25+ with a bachelor’s
(SA) attainment degree or higher, divided by the percentage of the population
aged 25+ without a high school diploma or GED.
Without disability Inverse percentage of holders of a disability certificate.
Out of poverty Inverse of poverty: the percentage of the population whose

Community
connection (CA)

Civic infrastructure

income over the past 12 months was above the federally defined
poverty line (3 million yen/year).

Number of civic organizations per 10,000 population, such as
labor unions, political groups, social education institutions, social
welfare corporations, voluntary centers, membership of volunteer
hospital associations.

Metropolitan Average annual percentage over a five-year period of the
stability population who lived within the same metropolitan area a year
earlier.
Homeownership Number of owner-occupied housing units as a percentage of total
occupied housing units.
Voter participation  Voting rate.
Environment (EVA)  Air pollution Inverse of vehicles in use against area of populated land.

Ecosystem Stress

Population Pressure

Waste &
consumption
pressures

Water stress

Natural resource
management

Annual average rate of change of forest cover from 2001 to 2014.

Inverse of the percentage change in projected population
2015-2040

Waste recycling rate.

Inverse of the sum of industrial organic water pollution (BOD)
emissions against available freshwater.

Percentage of total forest area that is certified as under
sustainable management.
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This list was compared with existing indicators from the reviewed articles and those most often used in disaster
resilience case studies were retained, while specific indicators related to environmental attributes were
introduced. Cutter (2016) examined indicators of community resilience in the USA and identified ten distinct
variables that appeared in more than 40% of the empirical studies of resilience. The specific variables that
appeared in multiple studies were social indicators and social capital, related to civic organizations, health care
access, and religious affiliation. Income and educational inequality were also used in half the studies (Cutter,
2016). In contrast, no consensus emerged on the measurement of environmental capital. The present study
therefore applied an original conceptualization of ecological resilience. The environmental indicators selected
were previously used in global-level assessment, and needed to be localized to the community level.

3.2 Assessing Disaster Resilience in Osaka

The seventeen indicators listed in Table 2 were used to evaluate the disaster resilience of the 29 municipalities in
Osaka Prefecture.

3.2.1 Disaster Resilience Scores (DRS)

Each indicator was calculated following the direction described under “variable” in Table 2, taken from Foster
(2012). Economic attributes capture aspects of regional industrial structure and the economic resources of the
population; in this case, the higher the diversity, the greater the resilience. Socio-demographic attributes gauge
how effectively the community members respond to a disturbance mentally, physically, or materially. Community
connection attributes measure the extent to which individuals within a region are familiar with and loyal to that
region. The newly-added environmental attributes capture the degree of human disturbance to the natural
environment. Each variable was standardized as a z score and the mean scores are shown in Table 3.

Table 3. Municipalities with highest and lowest disaster resilience scores (DRS)

Rank Name EA SA CA EVA DRS
Most DRS
1 Minoh-shi -0.77 2.11 0.66 0.47 0.62
2 Ibaraki-shi 0.18 0.97 0.82 —0.03 0.48
3 Ikeda-shi 0.01 1.12 0.34 0.12 0.40
4 Suita-shi 0.06 0.53 0.76 0.11 0.36
5 Takatsuki-shi —0.28 0.71 0.87 0.11 0.35
6 Kawachinagano-shi -0.91 1.13 —-0.18 1.28 0.33
7 Settsu-shi 0.20 0.27 0.96 —0.13 0.32
8 Kashiwara-shi 0.96 0.28 —0.44 0.11 0.23
9 Toyonaka-shi 0.02 0.85 0.13 —-0.15 0.21
10 Hirakata-shi —0.08 0.43 0.24 0.22 0.20
Least DRS
1 Kadoma-shi 0.23 —1.48 —-0.93 0.00 —0.55
2 Matsubara-shi -0.29 —-0.97 —-0.40 0.14 —0.38
3 Habikino-shi -0.49 —-0.10 —0.38 —-0.42 —-0.35
4 Sennan-shi —-0.33 —-0.90 0.05 —-0.13 -0.33
5 Higashiosaka-shi 1.00 -1.36 —0.68 —-0.27 —-0.33
6 Kishiwada-shi —-0.03 —0.64 —0.64 0.16 —-0.29
7 Osaka-shi 0.23 —-1.46 0.13 —-0.04 —-0.29
8 Kaizuka-shi 0.31 —-0.92 0.05 —-0.43 —-0.25
9 Moriguchi-shi 0.15 —-1.03 —-0.51 0.46 —-0.23
10 [zumisano-shi 0.48 —-0.73 —-0.24 —-0.28 —-0.19

85



jsd.ccsenet.org Journal of Sustainable Development Vol. 10, No. 1; 2017

The disaster resilience score (DRS) gave the average z score of each attribute after equally weighting the
variables. The reason for applying equal weighting in the present study is due to the equal importance and
effectiveness of recovery measures in disaster management. Each attribute was calculated as the average of the z
score values for each variable within that attribute: four for regional economic resilience, three for
socio-demographic resilience, four for community connection resilience, and six for environmental resilience.
From this analysis, Minoh-shi was ranked highest, with an average score of 0.62, followed by Ibaraki-shi,
Ikeda-shi, Suita-shi, and Takatsuki-shi. All the top five achieved a high ranking on the strength of their
socio-demographic capacity and community connection capacity, both of which tend to be high in residential
areas with good neighborhoods. However, the same regions have comparatively lower resilience in terms of
regional economic capacity. Metropolitan areas with relatively low resilience capacity — led by Higashiosaka-shi
— were consistently low across all four attributes.

The results were compared with existing studies which had applied RCI in U.S. metropolitan areas. As explained
in Section 3.1, RCI used only three attributes: regional economic capacity, socio-demographic capacity, and
community connection capacity. We therefore compared the findings on these three dimensions. Based on the
population size, total GDP, and GDP per capita (Cabinet Secretariat, 2009), Michigan State was found to be
similar to Osaka prefecture. For comparison, the average z scores for 14 municipalities in Michigan State
(Building Resilient Regions, 2011) were used. The highest-ranked metropolitan area was Holland, with an
average score of 0.62, followed by Bay City, Monroe, Grand Rapids, and Ann Arbor. Each achieved a high
ranking on socio-demographic capacity and community connectivity capacity, mirroring the pattern found in
Osaka prefecture. This suggested that a high level of resilience tends to be associated with a high ranking in both
socio-demographic capacity and community connectivity capacity.

As a further comparison, an assessment framework developed by the Japan Sustainable Building Consortium
(JSBC) to evaluate overall regional sustainability including environmental performance was used. This
considered the maintenance of city functions (economic and social activities) while moving towards a
low-carbon society (JSBC, 2013). This evaluation tool is known as the Comprehensive Assessment System for
Built Environment Efficiency (CASBEE), and comprises three attributes — economic, social, and environmental
— producing an assessment of the level of regional environmental efficiency as a final score. Baba and Tanaka
(2015) described the CASBEE as an example of resilience assessment, based on interviews with local policy
makers and government workers in the National Resilience Promotion Office, Cabinet Secretariat of Japan, and
Ministry of the Environment, Japan. The present study compared the measurement framework and the results.

JSBC (2013) described CASBEE as having either five or eleven variables for each attribute: five variables in
economic attributes, eleven variables in social attributes, and five variables in environmental attributes. These
variables were calculated as the quality of the environment (Q). In addition, greenhouse gas emissions
(t-CO,/person) were used to calculate the environmental load (L). Environmental efficiency (BEE: Built
Environment Efficiency) was calculated from scores on the quality of the environment (Q) and environmental
load (L): Q/L. Regions which ranks higher in quality and lower in load is assumed to have a greater level of
environmental efficiency. Applying the BEE to the 29 Osaka municipalities gave Ibaraki-shi, Kawachinagano-shi,
and Minoh-shi the highest scores. They achieved the highest scores on quality of environment, while the
environmental load scores were lower.

Both DRS and CASBEE demonstrate the importance of environmental attributes in fully understanding regional
sustainability. Similar indicators and variables were used to measure environmental attributes in the two
frameworks, and both demonstrated the extent of anthropogenic environmental stress. In both frameworks, the
environmental attributes included air pollution, forest coverage, waste recycling rates, and water pollution. In
contrast, they used different variables to derive economic and social attributes. CASBEE was more concerned
with policy and public service evaluation, for example by quantifying public facilities such as hospitals, libraries,
and nursing homes, the workforce, gross regional product (GRP), and local tax revenues. As it takes policy as a
framework, CASBEE is more focused on structure rather than capacity. Conversely, the DRS indicators focus on
capacity measurement, with the aim of testing the regional capacity to recover from a potential stress.

Despite these differences, both approaches gave Ibaraki-shi, Kawachinagano-shi, and Minoh-shi overall high
scores, and specifically for their environmental attributes. From the perspective of resilience, DRS suggested that
Kawachinagano-shi has low capacity in economic security, especially in “economic diversification.” This city
has a narrower economic base and thus lower economic security, identifying a potential vulnerability in its
regional economy. To strengthen the resilience of the region, countermeasures to diversify the industrial structure
and reduce the burden of housing are required. The area has a low capacity in “community connection,” and
especially in “metropolitan stability.” This reflects the number of residents who are potentially isolated, or
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unfamiliar with the region. To increase resilience in this area, a networking system could be established to help
individuals integrate into the neighborhood and community.

To further elucidate patterns of resilience capacity, future research will analyze data from different municipalities
in Japan. Additionally, the weighting applied to each of the variables should be developed further in order to
adopt a more pragmatic framework. This improvement could be made by making use of historical data to
identify effective recovery measures following disasters. Further development should apply the combination of
sensitivity analysis to validate output. OECD (2008) has proposed how to design, develop, and disseminate a set
of composite indicators. Sensitivity analysis was stated as one of the techniques to improve the complexity of
composite indicators. The validation helps to improve the quality of composite indicators and identify effective
sensitivity indices.

3.2.2 Visualization

The study investigated the use of spatial visualization to identify regions that require greater disaster resilience.
The DRS calculated for each of the municipalities was transferred to GIS formatting and input into ArcMap
10.2.2. Figure 1 shows disaster resilience within the study area.

Very Low]
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Mediurm
High

Very High : . e
3 £ ¢ L. i
" " -Osakasayama L -,

{ Tofidabayashi
\ q

0255 10 15 20
O e Kilometers

Figure 1. Spatial distribution pattern of DRS

Our DRS scores were clustered into five categories: Very High (>0.24), High (0.03~0.23), Medium (—0.22~
0.02), Low (—0.32~-0.23), and Very Low (<—0.33). Municipalities shown in bright green are highly resilient,
whereas municipalities shown in red have comparatively low resilience. When visualized as a regional map,
geographic variations become more apparent. The results highlight an urban-rural bias, with urban areas such as
Osaka, Higashiosaka, and Sakai having a comparatively low level of resilience, while suburbs such as Minho,
Ibaraki, and Suita are more highly resilient. A north-south bias can also be observed, with a high level of
resilience north of Osaka-shi, while southern areas typically exhibit medium to low levels of resilience.

The ranking produced by our measures matched what is known about the different regions of Osaka prefecture.
For example, Osaka Prefectural Government (2006) characterized the suburban region bordering the north side
of Osaka-shi as being notable for its unique landscape resources, having a combination of plains and hilly areas.
This area has green spaces facilities (e.g., Expo Park and Parkland) and is known as a comfortable residential
environment. Our measures provided comparable results, ranking this region relatively highly in DRS (Figure 1).
The study examined geographic variation, and identified patterns within the limited area of the study. However,
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the score is highly dependent on the variables and indicators selected. To expand these results, the same data
could be accumulated to allow comparisons between different regions, helping to reveal patterns of resilience.

3.3 Characterization of Disaster Resilience

The z scores calculated for each variable were transferred to the statistical analysis software SPSS for PCA.
Table 4 shows the results.

Table 4. Result from principal components analysis (PCA)

Variable Factor 1 Factor 2
SA_Educational Attainment 0.822 0.316
SA_Out of Poverty 0.753 -0.236
SA_Without Disability 0.751 0.076
CA_Voter Participation 0.743 0.126
EVA_ Reducing Water Stress 0.652 0.121
CA_Homeownership 0.596 —0.393
EVA Reducing Waste & Consumption Pressures 0.516 —0.238
CA_Metropolitan Stability 0.363 0.758
EVA_ Natural Resource Management 0.304 —0.349
EA_Business Environment 0.143 0.591
EVA_Reducing Ecosystem Stress -0.074 0.076
EVA_Reducing Population Pressure -0.213 -0.354
EVA_Reducing Air Pollution —0.302 0.462
EA_Regional Affordability —0.349 0.749
EA Income Equality —0.362 —0.615
CA_Civic Infrastructure —0.505 0.419
EA_Economic Diversification —0.565 —0.198

The PCA identified three primary characteristics in the first factor: educational attainment (with or without a
higher school diploma), poverty (over or under the poverty line) and disability (with or without a disability
certificate). Considering the nature of these characteristics, this factor was labeled “living standard.” The second
factor primarily reflected the three characteristics of metropolitan stability (living within same area over a
five-year period or less), regional affordability (spending less or more than 35 percent of income on housing),
and business environment (degree of business diversity). These characteristics gave this factor the label “regional
involvement.” These scores give the location of each municipality within the factor space, and Figure 2 plots
these for Factors 1 and 2. Municipalities ranked low on the horizontal dimension (Factor 1) were identified as
having limited educational, economic, and health resources. These municipalities, such as Osaka-shi, must
provide special care for the people who face these difficulties and educate them to increase their disaster
awareness. Municipalities ranked low on Factor 2 have less “regional involvement,” notably Kawachinagano-shi.
The main characteristics of this dimension are a lack of business diversity and lower economic security. It also
indicates the risk of residents being isolated, as discussed in Section 3.2.1. Higashiosaka-shi, with negative
ratings on Factor 1 and 2, requires countermeasures against both.

The results suggest that measures to foster regional resilience are related to factors such as the living standard
and regional involvement. These two factors should be considered when designing resilience management
strategies. They provide baseline characteristics for the regional resilience to natural disasters. Municipalities
that fall at the negative end on both factors can be considered most critically in need of appropriate
countermeasures, as part of a regional strategy for surviving potential disasters.
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Figure 2. Location of 29 municipalities on Factor 1 and 2

4. Conclusions

Based on a review of existing indicators, this study proposed a holistic set of variables for the measurement of
disaster resilience. These variables include those most often used in previous case studies on disaster resilience.
We also introduced a novel environmental attribute element, to reflect the original concept of ecological
resilience. Using standardization and PCA statistical techniques, the study confirmed that this set of indicators
could be used to establish the baseline characteristics of disaster resilience. The study comprised three phases,
the findings of each were as follows:

(D

2

3)

A set of indicators was selected from a combination of disaster resilience and environmental elements. In

the selection process, existing indicator frameworks were reviewed and ranked by reference to their maturity.
Candidate indicators for use as environmental attributes were selected to develop the concept of ecological
resilience. Seventeen indicators were identified as the final set.

DRS results were standardized, fed into GIS technology, and compared with results from Michigan State
and CASBEE. The results confirmed that DRS was an effective approach to testing the regional capacity to
recover from a potential stress. The 29 municipalities in Osaka prefecture were used to test this approach,
and the mean scores for disaster resilience suggested that a municipality with a high level of resilience tends
to also have a high socio-demographic capacity and community connectivity. Michigan State showed a
similar pattern to Osaka Prefecture. Comparison of the results with those from CASBEE showed CASBEE
to be more focused on structure, while the DRS indicators are focused on capacity measurement. In the case
study, the DRS data was transferred to GIS formatting and the geological variation visualized. The results
highlighted an urban-suburban split, with urban areas having a lower level of resilience than suburban areas.
A north-south bias was also identified, with areas north of Osaka-shi having a high level of resilience, while
southern areas typically showed medium to low resilience. This was consistent with the known geographic
variations and patterns of Osaka prefecture. DRS was shown to be valuable for use in comparative
assessment, providing a classification process that helps understand the resilient of a given region, and
compare it with other regions. This can provide knowledge to local policy makers, informing the
decision-making process.

To establish baseline characteristics for resilience capacity, PCA was applied and the municipalities were
characterized on two dimensions: “living standard” and “regional involvement.” These are the two key
factors that should be considered when planning resilience management. A municipality that falls at the
negative end of both factors is most critically in need of appropriate countermeasures, and these should form
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part of a regional strategy. The analysis suggested specific countermeasures to be applied in Osaka-shi,
Kawachinagano-shi, and Higashiosaka-shi. Overall, the results confirm the necessity of developing regional
preparedness for disasters.

Our study further supports the argument that resilience indicators can be used to identify patterns and to capture
the overall characteristics of resilience in a region. This can help establish an evaluation platform, and contribute
to a more systematized management of resilience.

For future development, the combination of weight analysis and sensitivity analysis can help to validate the
result, and the same process of verification must be applied in different municipalities. The compilation of a
series of datasets will improve the accuracy of the information available, and provide a useful tool for
decision-making.
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